ABSTRACT
Introduction
The decisions by firms, on the one hand, and individuals, on the other hand, on the extent of their tax payments have generally been investigated in isolation. However, the actions of firms are determined by individuals, i.e. managers or owners. The analytical separation between corporate tax avoidance or evasion choices and according decisions with respect to personal income taxes by the firms' decision-makers, therefore, relies on the implicit assumption that the determinants of the two actions are not related. However, if managers benefit from tax savings by firms, since their income is tied to after-tax profits, the separability assumption may not be warranted. According evidence is provided by Joulfaian (2000) who finds that American firms with assets of less than $ 10 Mill. that are managed by corporate officers who evade personal income taxes are more likely to evade corporate taxes and exhibit more non-compliance than firms that are managed by non-tax evading individuals. Moreover, the extent of personal income misreported is related positively to the amount of understated income by firms.
The present paper analyses theoretically whether and how a manager's decision on corporate income tax avoidance or evasion is correlated with his or her choice of personal income tax evasion. If there is a systematic relationship, this will have important implications: first, from a theoretical perspective, modelling tax avoidance or evasion by firms as a decision on the optimal value of a single variable can yield inadequate predictions regarding the firms' behaviour. Second, from an empirical point of view, analyses of tax evasion or avoidance by firms are faced by an omitted variable bias, unless tax evasion behaviour of relevant decision makers is proxied adequately. Third, from a policy viewpoint, a unique relationship between personal and corporate income tax declarations represents a strong incentive for tax authorities to co-ordinate personal and corporate income tax audits.
The manager's choice of personal income tax evasion is modelled as a decision of a strictly risk-averse individual under uncertainty in a standard Allingham and Sandmo (1972) framework. Personal income is assumed to depend positively on after-tax profits. It turns out that the relationship between corporate and personal income tax declarations is crucially determined by the exact manner in which a firm's tax declarations affect its manager's income. Therefore, two basic cases are looked at: in the first, the net gain from reducing corporate income tax payments is certain. Such a setting can be interpreted as describing tax avoidance behaviour if this constitutes a costly but risk-less activity (Alm 1988 , Cowell 1990a , p. 12f, Balestrino and Galmarini 2003 , Marchese 2004 . If, as in the second, the outcome resulting from reducing tax payments is uncertain, this can be viewed as evasion since illegal activities are punished with a positive probability. While tax avoidance may also involve uncertain returns (cf. Alm and McCallin 1990) , this interpretation is ruled out in the present context, to clearly distinguish activities which reduce tax payments with certainty from tax evasion.
It is shown that corporate and personal income tax declarations will be independent in the case of corporate tax avoidance. This is because corporate avoidance maximises the firm's net profits and, hence, the manager's profit-related income. Since this income is the same in all states of the world, there is no gain to the manager from reducing the profit-related income to mitigate the risk which arises from personal income tax evasion. However, corporate income tax evasion decisions will generally be affected by personal income tax evasion choices, and vice versa. Such a linkage exists since corporate income tax evasion can be used to diversify the risk which personal income tax evasion entails. Accordingly, any variable which affects the attractiveness of personal income tax evasion alters the need to use corporate income tax evasion activities in order to reduce the variation in expected income. The nature of the relationship between personal and corporate income tax evasion cannot be predicted on the basis of the general model. Thus, a more restrictive setting is looked at in addition. In particular, it can be shown that if there is a perfect correlation of detection probabilities for personal and corporate income tax evasion, that is if detecting one evasion activity automatically implies being punished for the other as well, the amounts of evasion tend to be related inversely. Such choices are optimal because a perfect correlation of detection probabilities implies that an increase, for example, in personal income tax evasion will raise the utility loss due to insufficient corporate income declarations if evasion is detected, whereas the respective gains remain unaffected.
While the relationship between corporate and personal income tax declarations, be it avoidance or evasion, has not been looked at analytically, the consequences of extending an individual's choice beyond a simple tax evasion gamble have been investigated. Landskroner et al. (1990) , for example, assume that an individual initially determines the fraction of available wealth which is invested in a risky or risk-less asset. Given this choice, the risk-averse individual decides how much of the certain income from human capital to declare to tax authorities. Lee (1995) and Wrede (1995) assume that a risk-averse individual determines how much wealth to invest in a risky asset at the outset. Then returns from investments become known. Finally, the amount of tax evasion is determined. Hence, uncertainty about the returns from investment is resolved prior to the evasion decision. Moreover, Yaniv (1999) investigates the simultaneous decision to evade taxes and to launder undeclared income, with laundering being equivalent to a reduction of the fine for evasion. In contrast to the present analysis, none of these papers focus on the nature of the link between the two tax evasion (or avoidance) decisions. Alm (1988) and Alm and McCallin (1990) investigate a joint decision about tax evasion and avoidance. In line with the assumption of the present paper, Alm (1988) views evasion as a decision under uncertainty, whereas avoidance is interpreted as (legal) non-payment of taxes involving certain costs. In contrast, Alm and McCallin (1990) model avoidance as yielding an uncertain return which differs in mean and variance from the return of evasion. Both papers look at personal income taxes and assume that an increase in, for example evasion, automatically reduces avoidance, for a given declaration of income to tax authorities. Finally, Martinez-Vazquez and Rider (2005) investigate optimal income tax evasion behaviour in a world in which individuals can under-declare income and overstate deductions.
The remainder of the paper is structured as follows: Section 2 describes the model. Section 3 looks at a setting in which the manager avoids corporate and evades personal income taxes.
Section 4 allows for corporate tax evasion. Initially, uncorrelated detection probabilities for corporate and personal income tax evasion are assumed. Subsequently, the special case of correlated detection probabilities mentioned above is investigated. In all settings interior solutions are assumed. Moreover, an encompassing framework is employed in which the costs of avoidance can be (re-) interpreted as the penalty for evading taxes. Section 5 contains some concluding remarks.
Model
Suppose a strictly risk-averse, male 1 manager, characterised by von-Neumann-Morgenstern preferences and the (indirect) utility function u, u' > 0, u'' < 0, can take two decisions: (1) how much of his personal income and (2) the amount of profits -or corporate income -to declare to tax authorities as tax basis. The executive's personal income consists of a fixed salary I and a fraction µ > 0 of after-tax profits of the firm which he manages. This dependency of personal income on profits ensures that the manager can benefit from lower tax payments by the firm. If the manager's income depended solely on gross-of-tax profits, he would have no incentives for reducing the firm's tax payments. Gross personal income L is reduced by personal income tax payments, which equal the product of the amount of personal income Y which is declared to tax authorities and a linear tax rate t. Personal income tax evasion is detected with probability p. In such a case, a fine F[t(L -Y)] has to be paid, which increases at a (weakly) increasing rate with the amount of taxes evaded t(L -Y). Moreover, the marginal fine F' must exceed unity to ensure an interior solution. Hence, F' > 1 and F'' O 0 are assumed to hold.
2 Pre-tax profits P are exogenous.
3
The manager declares a level of profits Q to tax authorities, on which a corporate income or profit tax rate s > 0 is applied. The function C[(P -Q)s] represents either certain costs of avoidance or, alternatively, the fine if caught evading taxes, where C', C'' > 0 for P -Q > 0 is assumed. Fixed (marginal) costs of an audit or of zero tax avoidance could prevent the manager from engaging in evasion or avoidance activities. Since, however, the focus is on interior solutions, such an outcome can be neglected and C(0) = C'(0) = 0 is presumed. If profit tax evasion is fined, this will take place with probability q, being independent of the probability p, unless assumed otherwise in Section 4.2.
If both evasion choices entail two possible outcomes which are determined independentlybeing caught evading taxes and being successful doing so -, the manager's actions can result in four possible states i, i = 1, 2, 3, 4. Since, moreover, the manager's choices of corporate and personal income declarations cannot differ in the four states, given simultaneous choices of income declarations, the expected utility V of the manager can be expressed as:
personal income. The fixed salary I will be set equal to zero in the subsequent analysis since its magnitude does not affect the correlation between personal and corporate income declarations.
As indicated above, two basic cases will be looked at:
2 In general, the impact of changes in income or tax rates on evasion behaviour depends on the specification of the fine function (see Yitzhaki 1974 , Andreoni et al. 1998 , or Slemrod and Yitzhaki 2002 . The relationship between optimal corporate and personal income declarations is not altered by assuming the penalty for evasion to be a function of undeclared income instead of taxes evaded. 3 This assumption is made for analytical simplicity only and does not affect results. To illustrate, assume that profits are a function of some variable x which the manager can determine. If variations in x do not change the manager's utility, except for changes in profits, first maximising profits and then selecting income declarations will always be superior to any other combination of x and income declarations. Profits may obviously not be chosen maximally if achieving a profit maximum were costly for the manager. The interaction of tax evasion and effort choices in a principal-agent setting is investigated by Chen and Chu (2005) , while Crocker and Slemrod (2005) examine implications for the tax enforcement structure in a related framework. 4 If sequential choices of income declarations are presumed, the findings summarised below continue to hold. Therefore, sequential choices are not looked at further.
1. Corporate income tax avoidance. In this setting (Section 3), q = 1 holds.
2. Corporate and personal income taxes are evaded. In this case (Section 4), 0 < q < 1 applies.
Corporate Income Tax Avoidance
Modelling the choice of corporate income tax declarations as a decision under certainty is incompatible with the usual notion of tax evasion activities as being a risky endeavour which can result in having to pay a penalty. Thus, the existence of certain gains is assumed to imply tax avoidance. The decisive feature of tax avoidance in the present analysis is, therefore, not the legal evaluation of according activities but whether or not its net gain is the same, irrespective of the outcome of the personal income tax evasion gamble. Maximising V with respect to profit declarations Q and personal income statements Y, using
An optimal choice of Y according to (3) implies that the expression in curly brackets in (2) [
Furthermore, the cross derivative S 2 V/(SQS) and the product of S 2 V/(SQSx) and S 2 V/(SYSx) for any variable x, x = t, p, s, P, C', C, F', F, Proposition 1
A strictly risk-averse manager's decision on corporate income tax avoidance will be unrelated to his choice of personal income tax evasion.
Proposition 1 can be explained as follows: variations in corporate and personal income declarations affect the manager's expected utility in a fundamentally different manner. This is the case because any variation in personal income declarations directly alters the amount of personal income taxes paid, whereas a change in profit declarations and, hence, in profitrelated income may only change personal income tax payments if tax evasion is detected.
Therefore, the marginal expected utility of higher profit declarations is still positive, given an optimal choice of personal income declarations, as a comparison of the expressions in curly brackets in equations (2) and (3) but moreover, the choice on personal income tax evasion can be isolated from the decision about profit tax declarations if the latter represents a risk-less, albeit costly activity. Accordingly, the manager's personal preferences and, particularly, his degree of risk-aversion are without impact on the optimal amount of corporate income tax avoidance.
Corporate Income Tax Evasion

General Case
Assume now that the reduction of corporate income tax payments entails the risk of being penalised for tax evasion. As profit and personal income declarations are determined simultaneously, the first-order conditions resulting from the maximisation of V in equation (1) are given by:
, and L B :
The optimal choice of corporate income tax evasion Q will be independent of personal income tax evasion behaviour if S 2 V/(SQSY) = 0. However, this cross-derivative cannot be signed.
Therefore, without further structure on the optimisation problem, the relationship between optimal personal and corporate income tax evasion and the impact of exogenous variables on this relation cannot be determined. The results are summarised in:
Proposition 2
Optimal corporate and personal income tax evasion activities will generally not be
independent. An unambiguous correlation in the amounts of personal and corporate income tax evasion does not exist.
The intuition for the interdependence between corporate and personal income tax choices is the following: the manager's expected utility from a personal income tax declaration Y varies with the amount of corporate income which the firm actually has to pay to tax authorities, and vice versa. Therefore, optimal choices of Y and Q are not independent. This contrasts with a situation in which the net gain from corporate income declarations is certain because in such a setting variations in corporate income declarations alter the payoff from personal income tax evasion by a multiple of 1 -C' and, hence, proportionally. If the returns from corporate income declarations are uncertain, however, variations in corporate income declarations will alter the payoff from personal income tax evasion by µs -or a multiple thereof -if corporate income tax evasion is not detected and by µsC' -or a multiple -if corporate tax evasion is detected. By adjusting personal income tax declarations the manager can, therefore, reduce the magnitude of income variations in exchange for a reduction in expected income. Accordingly, the fundamental reason for the correlation between personal and corporate income declarations to tax authorities in the present set-up is that corporate tax payments affect the manager's personal tax liability in different states to a differential extent.
It has to be emphasised, though, that the direction of the correlation between the amount of corporate and personal income tax evasion is ambiguous. This is the case because the manager will attempt to diversify risk but will also obtain a higher expected income when he chooses to take a (greater) second risk. The net impact of adding the second risk (personal income tax evasion) on the first (corporate income tax evasion) is uncertain. Given four possible outcomes of the tax evasion gamble, it is not feasible to determine general conditions, for example with respect to the attitude towards risk, which allow establishing whether the income or substitution effect of a change in an exogenous variable dominates.
The finding summed up in Proposition 2 is supportive of the conjecture by Joulfaian (2000, p. 698) that "managerial preferences, such as attitude towards risk or simply intrinsic dishonesty, controlling for tax and detection rates, may determine a firm's compliance behaviour." His empirical finding "that firms with managers who have understated personal income taxes experience greater noncompliance" (p. 700) is a feasible outcome which may be derived from the general model. However, the framework also allows for the opposite correlation.
Formally, tax evasion entailing an uncertain outcome is equivalent to an according behaviour with a certain payoff, making use of an appropriately defined cost-of-evasion function and the concept of the certainty equivalent (cf. Cowell 1990b) . This equivalence clarifies that it is not the uncertain outcome of corporate income tax evasion per se that creates a link between the optimal amounts of personal and corporate income declarations. Such a relationship will generally exist if the (expected or certain) costs (or gains) of reducing the payment of one tax are affected by the optimal amount of the other tax paid. In the model under consideration, corporate income tax payments affect personal income, but personal income tax payments do not alter profits. Section 3 assumes certain costs of corporate tax avoidance in addition. Thus, the payoff from personal income tax evasion has no repercussions on the costs or gains from corporate tax avoidance. In Section 4.1, the payoff from corporate income tax evasion varies with the extent of personal income tax evasion. In the above set-up, this effect arises because of the uncertainty which corporate income tax evasion causes. However, the same qualitative impact will occur if the costs of corporate income tax evasion are certain, as long as a cost-ofcorporate-income-tax-evasion-function depends on the extent of personal income tax evasion.
Special Case: Correlation of Detection Probabilities
To circumvent the (analytical) ambiguity with respect to the direction of the relationship between personal and corporate income tax evasion as summarised in Proposition 2, suppose that detecting corporate income tax evasion induces tax authorities to investigate the personal income tax declaration of the manager as well. Alternatively, it may be assumed that a manager who is detected evading personal income taxes can be certain that the tax declaration of the company will be inspected too. In either of the cases, the number of possible states will be reduced from four to three. While the amounts of personal and corporate income tax evasion continue to be related, the direction of the correlation remains ambiguous. This is the case because the fundamental features of a world with four possible states continue to apply in a world with three states. That is, the payoff from varying one evasion activity affects the costs (or gains) from the other, and vice versa.
To resolve the ambiguous relationship between personal and corporate income tax evasion, presume further that detection probabilities are perfectly correlated. Such a perfect correlation yields two outcomes (i = 2, 3) only and can be modelled by defining 0 < z := pq < 1 and 1 -z := (1 -p)(1 -q). Situations in which either only the manager personally or solely the firm are fined cannot arise so that u(U 1 ) and u(U 4 ) are constant and u(U 1 ) = u(U 4 ) = u'(U 1 ) = u'(U 4 ) = 0 can be assumed in equations (1), (5), and (6). The first-order conditions (5) and (6) 
These conditions can only hold simultaneously if
Since the marginal fine C' for profit tax evasion is independent of the amount of personal income taxes evaded, the optimal declaration of profits is not influenced by personal preferences of the manager, i.e. the curvature of his utility function. However, profit and personal income (tax) declarations are related insofar as that a variation in exogenous variables will generally alter both optimal tax declarations. Assuming a linear fine for personal income tax (F'' = 0), a higher penalty F for personal income tax evasion can be shown to raise the extent of corporate income misreporting and to reduce the amount of personal income tax evasion. The same prediction is obtained for a rise in the tax rate t on personal income if the measure of absolute risk aversion is constant. A higher tax rate s on corporate income lowers the extent of corporate and raises that of personal income tax evasion.
7 Accordingly, the model suggests that if detection probabilities are perfectly correlated, personal and corporate income tax evasion are negatively linked.
The intuition for the findings is the following: a higher fine for personal income tax evasion raises the costs of evasion. Therefore, the personal income declaration is raised. To counteract the decrease in expected income the manager amplifies the extent of corporate tax evasion.
Given that there are only two states -detection and non-detection -the marginal gains from corporate and personal income tax evasion are identical, as the inspection of the second terms in equations (5') and (6') reveals. However, the costs of evasion are related inversely, as indicated by a comparison of the first terms in equations (5') and (6'), taking into account C' > 1 for Ft < 1, as F' > 1. A similar reasoning will apply to a higher tax rate t on personal income if the income effect of a tax rate change does not invalidate the increase in the fine F(L -Y)t, that is if the manager exhibits constant absolute risk aversion. A higher tax rate s on corporate income ceteris paribus raises the costs of corporate tax evasion C[(P -Q)s]. Since the marginal costs of corporate tax evasion will have to be constant if according decisions are optimal, corporate tax evasions needs to be raised. However, the gain from declaring personal income rises so that there is again a negative correlation.
The results can be summarised as follows:
If the detection probabilities for corporate and personal income tax evasion activities are perfectly correlated, profit tax evasion will be independent of the manager's preferences.
Variations in exogenous parameters that change the extent of corporate income tax evasion alter the amount of personal income tax evasion in the opposite direction.
Proposition 2 and Corollary 3 indicate that corporate income tax evasion choices cannot be separated from decisions about personal income tax evasion if the net returns from the former are uncertain or, more generally, vary with the extent of personal income tax evasion. This finding ties in with the suggestion by Yaniv (1995) and a result by Panteghini (2000) regarding the non-separability of, on the one hand, a firm's output or investment decisions and, on the other hand, tax evasion choices in a setting in which output or returns from investment are uncertain. The result is furthermore compatible with, first, Alm's (1988) and Alm and McCallin's (1990) analyses which indicate that the amounts of personal income taxes evaded and avoided, respectively, are not independent and, second, Martinez-Vazquez and Rider's (2005) finding that changes in income or enforcement parameters will have ambiguous consequences on optimal choices as the returns of the two sources of evasion are correlated.
Conclusions
Can the determinants of tax base declarations by firms be treated separately from personal income tax evasion choices by the firm's decision makers? The -scarce -empirical evidence suggests that the answer to this question is 'No'. The analysis of this paper has assumed that a risk-averse manager can increase his (expected) income by evading personal income taxes and also by reducing the firm's tax payments below the required or intended level. It is shown that the optimal level of profit tax avoidance is independent of the manager's choices with respect to personal income taxes evaded because the gains and costs from profit tax avoidance are certain. This is the case since the outcome of the personal income tax evasion gamble does not affect the manager's net gain from corporate income tax avoidance. However, if reducing profit tax payments introduces an additional source of uncertainty into the manager's optimisation problem, as in the case of corporate income tax evasion, the respective choices will no longer be independent of personal income tax declarations. The reason for the correlation is that the gains from personal income tax evasion change with the gains form corporate income tax evasion, and vice versa. However, the direction of the correlation between the extent of personal income and corporate income or profit tax evasion is uncertain. This is the case since the manager can, on the one hand, attempt to diversify the risk due to personal income tax evasion activities by reducing corporate income tax evasion. On the other hand, expected income may decline. For the special case of perfectly correlated detection probabilities, the model predicts that variations in exogenous parameters that change the extent of corporate tax evasion alter the amount of personal tax evasion in the opposite direction because the riskdiversification impact prevails.
The results of this paper imply, first, that tax evasion activities by firms can only be separated from personal income tax evasion choices by its decision-makers under special circumstances.
Accordingly, the theoretical literature has ignored potentially important determinants of corporate income tax evasion or avoidance. This finding is likely to hold for other taxes levied on and evaded or avoided by firms as well. Second, in empirical analyses of evasion behaviour by firms, the impact of preferences of its decision-makers should be taken into account. Third, while it may well be the case that observing a manager evading taxes provides information on evasion activities by the firm in which he works, the current analytical set-up does not allowpossibly to the dismay of tax authorities and the delight of tax-evading managers -to predict and exploit the nature of this relationship. Finally, if tax evasion generates an uncertain net payoff, while tax avoidance is characterised by certain gains and costs, the managers' personal preferences only affect evasion but not avoidance behaviour. 
For a constant measure of absolute risk aversion (R A (U i ) = R A (U), i = 2, 3), (A.6) collapses to: .6') 
